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History, 
Th« stability of th« halogen at on In the benzene ring has 
been of considerable Interest because It has preyented. until re- 
oantly, the direct Bynthaeie of phenole and aromatic amino com- 
pounds from the halogen derlyatiyeB of aromatic hydrocarbons* The 
early inveetigatore failed entirely In their efforts to replace 

the halogen by other groups* It was not till 1914 that Meyer and 

p 
Berglous reported that a dilute solution of sodium hyr^roxide con- 
verts chloibenzene almost quantitatively into phenol at 300^0., arid 
that ammonia under similar conditions converts it partly into ani- 
line. 

It has long been known that certain negative groups, of whlcfli 
the nitro group is the beet example, when in ortho or para posi- 
tion to the halogen atom have a marked labllizinp- effect on it* 
Bngelhardt and Latchinow^ ae early as 1870 a?6i3p«i:*tea that they were 
able to convert, at leaet partially, ortho and para nltrochlorben- 
zene into their respective nltranllines by heating with ammonia at 
150^0. In 1&C8 the Aktien Gesellschaft fnr Anilin Pabrlkatlon'^took 
out a patent for the preparation of p. nitranlline by this pro- 
cess which probably Is used to some extent at the present time. 
The conversion of trlnitro-chlorbenzene into picric acid ie ^r-* 
other illustration of the lablllzlng effect of the nitro gronr 
which 1b of commercial sipnificancje. 



1 A. 104. p. 225 

'^ A 121 258 

A 121 :62 

S Ber. 47 p. 3165 

3 £eitsch Chem. 1870 p 3232. 

4 D.E^P 148749 
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In 1903 Ullraann^ acclr^eintly made the Important discovery that 
metallic copper had a Etron^ lahillzinF" effect on nuclear halo- 
gen. Tftille trylnp- to condense o. benzoic acid with sodium phen- 
ate in the presence of flneljr ^.ivlr'e'^ copper, Ullmann Incident* 
ly used aniline as a solvent. ?.Tuch to his surprise, the aniline 
entered Into the reaction and o.phenyianthranlllc acid VTas ob- 
tained* The reaction Is as follows: H 

Jil i-K36H5 

•^COOH ^COOE 

This discovery opened a ne 7 flelc^ of investigation. It was 
soon found that o#chlofbenzolc acid coul^^ be condenser' with - 
phenol , thlophenol' , and similar compoxmds under the Influence 
of finely c?lvlded copper. It was furthermore found that ciohlor- 
benzolc acid could he condensed with glycine? with methylamlne^ 
and other aliphatic as well as aromatic amines and amino comr* 
pounds^^ under the Influence of this catalyst. 

Almost all the early work was done' on o.chlorbenzolc acid. 
This Is due most likely to the fact that the work was started 
with that compound J and also because of Its relation to anthra- 
nlllc acid which Is an Important Intermediate In the manufact- 
ure of Indle^o. 



5. Ber. ^r".. p ?382 

6 Ber 37 853 

7 Ber 37 4526 

8 Lasser-Cohn's Arbeltsmethoden. (4 ed) p 601 
9 

10 ID.R.P. ITo. 145189 

146102 
1469 50 
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Pour years after Ullmann*e discovery a series of patents 
appeared which dealt with the conversion of chlorsuhstltuted 
benzene derivatives Into aromatic amino conponnds hy means of 
ammonia In the presence of copper salts. Among these patents 
were listed the preparation of aniline from chlorbenzene? 

p.phenylenedlamlne from p.dlchlorhengene ^ and from p.chlor- 

13 
aniline; p#phenylenedl«mlnemonoEulphonlc acid from p,dlchlor- 

14 
Biilphonlc acid, and from the Isomeric p.chlor anlllnesulphonlc 

15 
aoldiK^ and p.amlnophenol and some of Its derivatives from p.chlor 

16 
phenol and Its corresponding derivatives • There also appeared 

17 
a patent for the preparation of dlphenylamlne from brombenzene. 

Cuprous Iodide Is used In the later patent .whereas In the otker 

patents copper sulphate Is used, the^thdr claiming that the 

cuprous Iodide Is a much more effective cataylst. 

1? 
Very recently Zltamura reported that he prepared acetylamlno- 

phenol elfclierB by condensing acid amides with halogen substitu- 
ted phenol elhers In the presence of copper as well as zinc salts. 

11. D.R.P.Ho. 204951 

12 202171 

13 204848 

14 202564 

15 202568 
2049 72 

16 205415 

17 187870 

18 J.Tokyo Chem Boc. 39 1121-30 (1918) J Pharm. 
Soo. Japan 1918,10.4429 71. 
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Problem* 

The dlecovtry of TJllmaim has opened a wide field of inveetiga- 
tlon, bnt dte to the fact that it had commercial poeeibilitiee it 
wae Boon hurled in patents and 60 found little recognition in pure 
eynthetle organic chemistry* llie information cdncerning the re- 
actions already mentioned is therefore very limited, consequently 
In this work an attempt is made to get some concrete information 
concerning them# 

The particular reactions studied were those of ammonia on mono 
and p*dichlorhenzene# The object of the work waStfirst, qualita- 
tlvely to see whether any appreciable reaction took place,* second- 
ly, (juantitatively to determine the yields obtaina>>le,*- thirdly to 
study the experimental, difficulties in order to ascertain whether 
the method is feasible for rynth#Sls,* fourthly, to find the op- 
timum conditions for tie reaction* The work was carried out with 
mono an* p»dichlor benzene because these could readily be pre- 
pared pure and weri least liable to enter into complicated side 
reactions with ammonia. !• dlclilor berzene, moreover, is a useless 
by-product in the prepaiatlon of chlorbenzene, whereas the phenyl- 
diamine which can be prepared from it is a valuable compound. The 
reactions studied are primarily as follows: 
CgHgCl ^ 2 KHg • CgHgNHp -^ IIH^Cl 
C^HgCl -f 4 NHg - CgH^(IIHj|£KH^Cl 

iTiere is a possibility of othrr reactions taking place* Thus, 
the aniline formed from chlorbenzene may react with^secOhd mole- 
cule of the same sr.bmtance to form dlphenyamine according to the 
following equation: 
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65P65 65 ^ ^ 
In the case of p.dlc'ilorbenzene the posBlbllltlee are greatexi 

One Illustration will ruff Ice. If only one chlorine atom le re- 
•nlaced h; an amino group, p.ohloranllln le formed, vhlch can re- 
act 77lth another molecule of p.dichlor'benzene to form dlchlor- 
dlphenyl amine, or It can react with a Becond molecjile of p.chlor- 
andline to form chlorphenyl-p.phenylene diamine. 

Altho ammonia was used exclusively to remove the halogen, 
other reagents suPTfest themselves, ruch as sodamld, and zinc 
ammonuim chjorlde. Then, too, the reaction of dilute solutions of 
sodium hydrcTlde, ol eth:,'l alcoholate, and the llk^ on chloi - 
substituted benzene could be studied with profit. 
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Experimental. 
Apparatus uBed# 

Treesure boml) or autoclave • 
Since all the work was done under considerable pressures, It wae 
-necessary to have an autoclave that -ot-s strong* er.oug-h to with- 
stand at least 1000 pound of pressure to the sq» In. The early 
work ^.ms done In p:1t.ss tubes, hut these were found very unsat- 
isfactory, for in the first place, it was not possihle to work 
with large amounts of material, and In the wecond place, the loss 
of material due to blovvlnt;- up of ^tiihes ^;7as considerable • 

The autoclave used fcD this work was made out of milc^. steel 
Shafting, 3 1/4 9 with a horing 2 in diameter and 7*' deep^ giv- 
ing it a capacity of 350 cc and leading the walls s/s" thick. 
The tube was fitted with a ^crew cap. Permanite, an asbestos 
graphite packinp-^ was usedjhfQr a gasket with very satisfactory re- 
sults. ( See diagram) 

Preparation of compour.ds used. 

Monochlorbenzene. This compounc' ^/Tas prepared by the method of 
Uouneyrat and Pouoit. Or dinat;- commercial benzene was chlorinated 
by means of dry chlorine gas in the presence of anhydrous aluminum 
\chloride acting as a catalyst. After passing in the theoretical 
amount of chlorine as determined by the Increase in weight of the 
reaction mixture, the oily liquid vvas washed successively with 
dilute hydrochloric acid, with water, with^dilute solution of 
BOdlu?* carbonate, and finally again with water, and then dried 
over fused calcium chloride. Upon fractionating only a very s-all 
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amount came over telow 1£0 , Indicating that little "benzene was 
left ^ The fraction dlBtllllng "between 127 and 140^ was collected 
and redistilled, and the portion "boiling from 131-134^ was col- 
lected and used# The yields were poor, since only 800 grams of 
ohlorlDenzene were o'btalned from 2000 grams of benzene* Judcring 
by the large amount of tarry and high bolllnp^ material obtained. 
It would seem that the alumlm^i^"' chloride had also acted as a 
condensing agent (Priedel-Craft reaction) and so lesseAed the 
yield of chlQrbenzene# 

P.dlchlorbencene was obtained from the lov Chemical Company, 
Midland, Mich* It was perfectly white and on refract lonat Ion 
practically all distilled at 170-171o. func) 

Cuprous chloride. IJerck's cuprous chloride wis used. It had 
a greenish gray color showing that It contained a amall aipount 
of cuprlc chloride. 

Cuprous lofllde. This compound was prepared by adding potass- 
ium Iodide to a saturated solution of copper sulphate • Cuprous 
Iodide Immediately separated out with the liberation of free 
Iodine. The precipitate was filtered off a^nd washed with alco- 
hol to remove the Iodine. The product was almost white. 

Ammonia. The ordltf^y 23-2dfo ammonia reagent was used. 
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Study on catalysts • 

The first yroblem In this .vork was to determine whether cop- 
per salts were the only substances that had labllizing affects on 
nucleair halogen. Among the substances that were used were salts of 
nickel, cobalt and zinc. Ihese were used because they form com- 
plexes with ammonia that are similar to those of copper. Then, 
too, zinc has been reported to have catalytic properties in re- 
actions similar to those mentioned. Since negative results were 
obtained in all cases, it can be concluded that the copper am- 
monium complex is not the cause for the catalytic action of cop- 
par. Ferrous sulphate, metallic mercury, mercuric chloride, so- 
dium acid sulphite. , uranium nitrate » and activated charcoal 
were also tried. The first three were used because they possess 
catalytic properties in other organic reactions, the sodium 
acid sulphite because *f its well known power In aiding the con- 
version of bfiiaphthol into b.naphthylamine thru ammonia. In all 
cases the results were negative. 

Since copper salts showed decided catalytic properties, it 
seemAd advisable to study the relative activity of a number of 
them. For this study a series of tubes , each containing a differ- 
ent copper salt, were run under identical conditions. 7?ach tube 
-*n*e contained 5 grams of p.dichlorbenzene , 18 cc of concentrated 
ammonia, and .5 p^ram of the catalyst. The set was heated at 200- 
210 for 12 hours, an^ after cooling*. the unaltered p.dichlorben- 
zene was filtered off -and weighed, all other products of the re- 
action beiner water soluble. 
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The reenlts ware ae follows: 

P« dlohlorbenzBae unaltered. 



Salt used. 


In grame 


In % 


Cul 


Tr. 


« 


CuCl 


.15 


3.0 


CuClj, 
CuSOj 


.70 


14. 


1.15 


E3. 



Prom this it can "be seen that the ouproue ealte are more 
aoiive thali the cuprlo. Indeed there Is a probability that cuprlc 
salts only become active after reduction tc the cuprous condi- 
tion in the reaction mixture* This assumption seems to be bom 
out experimentally, for on adding potassium permanganate ^ich 
insures keeping the salt in the cuprlc conditlont no reaction 
took place .at all« 

Cuprdc acetate and nitrate flreem to haye even less catalytic 
power thmn the sulphate altho these experiments were carried on 
under somewhat different conditions so that exact comparisons 
could not be made •Metallic copper, which \vas prepared by reducing 
finely divided copper oxide with hydrO|?en, had no catalytic ef- 
fect whatsoever^ This perhaps accounts for the fact that when 
powdered aluminum was added to the reaction mixture containing 
a copper salt.no conversion took place of the dichlorbenzenet 
Iron filings used with the copper salt did not stop the reaction 
but considerably retarted it# 

The effect of solvents on the reaction w^s not studied very 
extensively. Almost all of the reactions were carried out in aque- 
ous solutions altho in a few cases alcohol was employed as a sol- 
vent. The alcohol was saturated with dry ammonia gas and the p.dl 



Digitized by vnOOQ IC 



Digitized by 



Google 



10 



ohlorloenzBBie %n'^ ourroue chloride ad led as In the other experj- 
ments. Since noi a trace of p.-phonylenediamine wae produced, It 
BeemE that .catalytic action of the copper raits ie limited to 
aqueouB solutions. 

ConverElon of p.dichlortenzene Into p.phenj'lenedJamlne • 

Irjstiidylnf the reaction for the conversion of p.dlchlorhenzen^ 
into p.-phenylenefliaTiine, the first and ^^oet j'-Q^iprtant -problem 
th\t came vlv ^vae the isolation and identification of the latter 
rrodiict. ^Ince the literature states thit the frei "bapfj is verj- 
coluble in ether, the first caethod that siifrreste^"' itself ;7as the 
extraction with ether. The method 77a£- a i^^ailure, for in the first 
mlace, only part of the "base couj^ thus he shaken out, and , further 
more, the pror'uct o"btaire^ v^/as contaminated with oily non-crjstal- 
line impiiritiee that were hard to remove. It war ^fnrther-^ore^ ob- 
served that ether which had been e^posec^ to lirht anrl air for ^ 
Bome time oxi^Mzed the bas o to a darl: colore:^ oil. This is du^ 
to the peroxides that olo ether contains* Eenrene an^'' ethyl ace- 
tate were fouhc? to be slip-htly bettot solvents, but not gocc"' e- 
noug:h to make it a feasible method. 

li'he next methor' tried was the pieclpitation of the freo 
"base bj; concentrating the solution under rer^uced -nressure. A 
b)lack amorphous precipitate containing a small amount of a cry- 
stalline subst mce wae o'^tained. The mase v^a? drier! and extractor' 
with ether whereupon a small amount of th^ ^ aee wae obtained'; 
the yielde however vere pooi . 

The most successful extraction rcheme consi6to(^ in mlxln'r 
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the crude hydrochloride of p.phenylenec'lanlne with either lime or 
oauetlc eor^aiand extracting the mixture with henzaiiB In a Soxhlett 
3srtraotor# The product conBlBterT of reddlBh cry stale v/hlch were 
easily rurlfled by suhllmatlon. The pure product consisted of 
perfectly colorless plates which hac^ a meltinfr point of 138-*^139^ 
(uncoi), wherear the coriected neltin^r Toint Is 140^«The6e crys- 
tals also gave the characteristic color test of p^phenylenedla- 

19 
nine, *vhlch Is as follows: A. dror of ieriic chlorl^'^e added to 

a d-^lute solution of the base or Its hydroc.:lorlde will ^reduce 
a deep green color which in a few seconds changes to a chai icter- 
iBtic violet. 71th more concentrated solutions anc' hOlllng , a 
bro'wn solution Is obtained and the odor of qulnone can be (detect- 
It can reidily be seen that the extraction methods are not 

very satisfactory. The next ster ^vas to try 'distillation methods. 

20 
Ladoux repoite: that when a mixture of rhenylenedlamlne hydro- 

oliloilde and anhydrous sodiuTi carbonate are dry rMstllled, theoret- 
ical yields of p.phenyleneciamine are obtainerl. This experiment was 
trie'' out i: r* found fai less satisfactory than one .vould e^-pect 
from Ledoux's statement, due to the errieriraental difficulties that 
one encounters. In the first place, ri.er is always given off even 
-af Ler the mixture has be^n dried at 110^ for a condlAerable time, 
and thit 7/ater at the high tempera turf^ causes v^lsooloratlon pro- 
bally by inducing oxidation. In spite of Ledoux's rttt-^ment. It 
WHfc founr" that decomposition tikee rlace, inr' a bitlc ^ie is In- 
vailaMy formec^ which inculcates a breaking up of the p.phenylene- 
c'lamine.The ylelc's were poor. SubPtit^iting sublimation foi r'lstill- 



19 ./lulllkon. Identification oi :"^ire Crp-u'nc Co^, Vol^l 
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ation, much "batterresults were o"bt<ilned jand with additional Im- 
>^rovemente on th'^^ eubllmatlon apparatne eo that the product le 
kept cool, It lE "believed that p-ocd yielde of tho free base may 
be obtained. 

Altho the methodE thus far described served for the Isola- 
tion of p rhenylenedlamlne , they were useless for even roug'hlv 
quantitative work, 'ind since a knovvledge of the yielde wasu high- 
ly desirable, the possibilities for reparatin • the hydrochloride 
for this pur-nose ^ere next Investigated. 

Bellsteln states that the hydrochloride of p pher.: lenedla- 
mln^ It B0lui)le In alcohol, and since ammoniii:! chloidde, the oth- 
er 'lain yrcduct of the reaction, Is lnsol;;ble in that reagent, a 
rnathod of separation suggester* itself. The method failed because 
of Insufficient solubility of the p.T>hanylenedlamlne hydrochloride 
In alcohol. 

A satlefactroy niethod of separation was finally foun^l which is 
bflieed on the fact that p.-rhenylenedlamlne hyc'roohlorlde can be 
pr©cl"nltated frpm aqueouF solution by raturatlng the same with 
lay clroohioilc acid r -is , the ammonium chloride, the co-n-ner salt, 
and most of tho othei Imrurltles remalnln^ In solution. The method 
3 rrocedure In general 7;as as follows • 

The reddish "^lue reaction mixture which //-ijr obtained b^ hext- 
ing* p.^ lehlorbenzene , an'-l aTimonia togethei In the presence of a 
cop^^ei »^'ilt .T\s iilterer: to lemove t^ — remove-^tji^ undecompcred 
aiolilorbenzer:e and other sollr' Inpuritles. The filtrate was then 
C-tea'^ dlstille'? untll-^ all the ammonia //aa driven of:. The dis- 
tillate //as -reifectli colorless, but on standing tui-ned to a 
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deep blue. By extracting It with ether, a hluleh ether^a-l sol- 
iitlon .vas obtained. vVhich yielded a dark reelnoue oily mieE* The 
amount //as too small ^ he vyever, lor identification . ^^he liquid re- 
oaininpr In the flask /vas allowed to cool, then filtered, and sat- 
urated '^vith hydrochloild acid gas. As the solution approacher' sat- 
uration, crystals separatee^ out and soon filled the contained. 
These were filtered off, dried, anc' w41ghed. S-n^cial details, ard 
modifioations cf this general metho."^ will he given in th'=^ ("eecript- 
ions of the v.rious experiments. 

Altho pure TJ.phenylenodlamina hydroohloriie Ig whitf,, the 
product obtained was generally grey or reddieh and give a dark 
colored solution. Part of this color may be due to the impurities 
thit result during the reaction, but part is due to the decompo- 
Bltion of the salt itself, for when some of the perfectly hite 
eiabllmed base //as dissolved in concentrated hydrochloric acid red- 
dish black instead of white crystals were obtained. 

attempts to decolorize the salt completely were unsuccessful. 
hepreclpitation with concentrated hydrochloric acid di-"' not fnater- 
lally affect the color. Itecjrystallization from alcohol ;7aE not 
feasible because of th'^) realtive InEOlubllity of the silt In even 
h.ct alcohol. ri5.ute alcohol (50^^) readilj dissolved the salt, but 
tlxo product upon recrystallizat Jon from the solvent .vas still color- 
oc! • Animal and //ixlow charcsal had no appreciable deoolorlzinr ef- 
fect 'i. activated charcoal //as more efficient and .vith it? use it 
V7a& poreible to obtain a grej product, the ylelr' , however //ras poor 
T>r©bably due to adsorption. 

Altho the pror'uct aould not readily be prepared colorless, it 
W9LB fairly pure even without recrystallizat Ion as the following 
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analytee ehovy; 

Two Bamplee of .3g each of C5H4(ITH- )j??HCl yielded: 

AgCl I. .467£g 
II •4630 

Calc lated for chlorine ^ Poxind 

• 1175' ^. I^^1153 g. 

II^^1145 

Sample I was from Bun 11 while II was from Lun 9^ See Table B# 

'^h3 me the '^ of analyeie wa^' as follovyg; Jhe crur^e pror^uct ob- 
tained by eaturatlng a solution with hydrochloric acid wis dried 
In warm ilr, and a portion of this subsequer.tly dried over solid 
caTiBtlo eor?a lii a desiccator for twenty four hours • \ sample of 
the dried salt *viB mixed with anhydrous lodlum carbonate, free from 
chlorine, and the mixture gently heated • After no more fumes were 
given off indicating that all of jthe free base had been removed, 
the mass was extracted with boiling water, and the Insolubler black 
particles of carbon filtered off^ The filtrate was acidified with 
nitric acid, and the silver chloride preclpltater! In the usual 
way. -i^esldes the analyses given, other analyses of the rroducts of 
the various runs were made and found to give In almost all cases 
results similar to the ones recorded . 

Ilrect preclrltatlon of the silver chloride from an acid sol- 
ution of the salt Invarla'hly gave slightly high results due to a 
slight reduction of the excess silver nitrate to metallic silver 
a? Indicated by the color of the Trecifitate. 

In the series of eyperlments on the preparation ot p». pheny- 
lenediamlne which will be taken up now, three factors were studied 
in particular: temperature, concentration of ammoAia, and the pre- 
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Bonee of oilld reducing: agente In conjunction .vlth the copper ealt. 

Table A. 

Actual yield 



Ko. 


Oonoentration 
of ammonia. 


Temp. 


Undeoompoeed 


1 


io-r« 


£20 C 


7 g. 


2 


10 


180-190 


20 


Z 


27 


205 


- 


4 


27 


200 


- 


5 


14 


210 


. 



of CgH^ 


CiH 


2 ^^SHCl 


32 g 




65^ 


7 




14 


39 




80 


30 




61 


£9 




60 



The reaction "^.Ixture in all cas^ee coneleted of 40 grarae of 
p. diohlorbengend, I:40oo of ammonia water (varying strengths as 
indicated in table), and 5 g. of catalyst which in the first ^feh- 
three experiments was cuprous chloride, and in tho last t.yo was 
cuprous ior?l'=?e. The time l1 heating was 18 hours except for Ko, 1 
which, was heatecl or.ly 14 hours. 

The yields recorded are the yields obtained by saturating 
the solution ;/ith hyrliochloi ic aci;'' cr^g, ix does not Include the 
Bait which remained in solution and which by eyperlraent was found 
to varj' froi 5-8 grams in LOO cc solution. 

Before disoiiSEln-'' the results as set down in the table, it is 
•v/ell to discuss the individual exy^erl^ents since not al^ the de- 
tails cm be Incoiroi'-^'tor'' in tabvlsr form. 

^Jxperiment l.o.l. contained iron filings besides the rep'ular 
reaction mixture, but these dlci not /liive any apr-ieclable efiect. 
The reddish violet solution that was obtained "was filtered to 
remove the iron filing's an^"' th? undeco\nrc£ed r.:^ ionic:. benzene. 
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The latter nae separate'" tio^ the irr^n i'i\in^e hy extract ion 
:ylth ether and then v/el^hlnp: It after the ether v/as evaporated off. 
■^he r3cl eclntion vras neutralize "! , concentrated to a 200 cc volume, 
anct. finally eaturated v/ith hy.'^rochloric acid eas , .vherenyon dark 
led crystals of p.p^enylenediamine hydrochlorlr'e separate.^ Out* 
^here Is a posE-Jblllty that the yi'Oduct .vae ell^htly contaminated 
ssrlth ammonium chloride which also cryetililzeo out because of the 
high concentration of that compound due to the fact that the lar(?e 
exoees of immonia 7/as not c'riven ofl hut neutralized directly. 

nxpeiiment ITo.? \7a£ carried out 111:9 lIo#l except that the 
solution vTat eteam^ distilled before It '/ne concentrated ard satu- 
rated with hydrochloilc acid. On concentrating* the solution a x 
brick red amorphous preciritate terarated out v/.iich ./as filtered 
off before the solution war neutralized^ This precipitate will 
be discussed later. The pror'uct like in ITo. 1 was colored red. 

-xpeiiment lTo.3 nsl^ run the same as IIo.? Th^ product was 
again colored as in the precedin?- experlmentB. To amorphous red 
precipitate was obtained. 

"xperiment No* 4, carried out under practically the same con- 
coitions as: ITo. 3 , yielded a g^reyish Instead of a red product. 

:.'xperiraent lTo.5 again yielded a little of the red precl^i^ 
tate referred to under ]\"o.2. Ihe product was colore'' reddish. 
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Althe It l8 difficult to draw many definite ooncluBione from 
the reeultB given, it appears that the optimum temperature ie above 
200^ , for helow this temperature the reaction ie incomplete especi- 
ally with dilute Bolutione of ammonia. 

*he conoentration of ammonia within certain llmlte Be ems to 
have no marked effect on the yield at the ahove temperature, hut 
with 5-6;5 BOlutione of ammonia, the reaction ie vei7 Incomplete, even 
at elevated temperatures* Dilute 8oli:tlonB, furthermore, cause the 
formation of the red precipitated previously mentioned, 'ilie nature 
of this precipitate was not extensively investigated, hut from Its 
general hehavlor It appears that it is a condensation product. It 



melts with decomposition above 200 yielding some phenylenedlamlne, 
some basic gases, and a charred mass. On exposure to air It under- 
goes Blight oxidation and turns bluish black. It dissolves In water^ 
producing a green solution ^'Thlch turns pink when acidified. It Is 
insoluble in ether but soluble in alcohol and also in concentrated 
hydrochloric acid, '-^he compound still contains chlorine. 

It was observed that when metallic iron v^s added In the form 
of iron filings in conjunction with the copper salt, the solution 
obtained was yellow Instedd of red, and th^ product greyl6h white. 
IFhis yellow solution, when allowed to stand exposdd to the air, 
slowly turned red. Altho the product was Improved in appearance, 
the reaction was markedly retarted. Vlth powdered aluminum the 
reaction was completely stopped. The results of a few typical 
experiments are as follows: 
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Table B. 










Keducing 
No. agent. 


Cone, of 
ammonia . 


Temp. 


UndecomT. 
C6H4Clfe 


Yield of 
CgH^(IIH^^2HCl 


6 Iron 

filings 


10 


220° 


7 


32g« 65^ ( Impure 



"It 



27 



220 



10? 



14 



8 



27 



190 



10 



13 



26 



9 


Activated 
charcoal. 


27 


200 





30 


61 


10 


It 


14 


200 


Tr. 


24 


49 


11 


None 


14 


210 





26 


53 



'^'he reaction mixture coneleted as usual of 40 grams of p.dl- 
chlorbenzene , £40oc of ammonia water, and 5 grams of catal^^st which 
was cuprous chloride in all oases* 

Additional remarks on the experiments are as follows: 

Experiment No# 6 has already "been described since it appears in 
Tahle A as Sxp# Uo. 1. 

Experiment No 7 • On opening the bomb perfect octohedra crystals 
were found along the walls and cover, feiesewere colorless but on 
exfosure to the air they quickly turned brown afad crumbled* Attempts 
to reproduce these crystals failed altho exreriments under similar 
conditions were run. |he solution vTas yellow and gave a greyish pro- 
duct. 

Experiment TSo 8. The solution obtained was yellow and yielded a 
gray product. 

Experiment Uo 9. In this experiment activated charcoal vvas employ- 
ed. On opening the bomb the walls were found covered with tiny leaf- 

Digitized by LrrOOQ IC 



Digitized by 



Google 



19 



lets of metallic copper, "^'he BOlutlon was pale yellow and gave a 
grayish product. 

FiXperlment Uo.lO. this experiment was the Bame as Bo. 8 exce|)t 
that a more dilute solution of ammonia was employed. The solution 
was reddish and gave a red precipitate when it was concentrated. 
The product was red. 

Experiment Ho 11. This run was the same as Ro.l0.exce|)t that 
no charcoal was added, the solution was red and yielded a colored 
product. 

Again a few general conclusions can he drawn. In concentrated 
solutions of ammonia certain reducing agents such as iron filings 
and activated charcoal have a marked favorable effect on the appear- 
ance of the final product. The former, however, tends to hinder the 
reaction, while activated charcoal is free from this objection. 
These effects were not noticed in (dilute ammonia solutions. 
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Oxidation of p#plieiiylenedlamlne# 

P.phanylenedlamlne 1b readily oxidized to guinone T)y such oxi- 
dizing agents as potassium permanganate ct chromic acid. It was 
observed in this work that even ferric chloride in a hot solution 
will cause the formation of some quinone ots indicated hy the guin- 
one odor that is given off« T.ot only can the base he oxidized to 

quinone, but it can be directly ' riydrolyzed to hydroqulnone^ 

£1 
neyer states that he hydroly«ed the diamine by heating it with a 

1©;^ solution of hydroohlotic acid at 180^ for several hours • In 
that way he euooeded in gettinp- a ZOfo yield of hydroquinone, but 
traces of phenol, aniline, and aminophenol were also formedf He, 
furthermore states that the higher the temperature the more com- 
plete the conversion, but the greater the format ioii of resinous 
products • 

^ince the literature is very meager about the details corcern- 
ingthe oxidation of the diamine, it was thot Interesting to see 
how it worked out and what yields could be obtained. Then, too, if 
the method was found feasible, it might be employed to convert the 
crude product directly to o^uinone and so utilize the reaction 
which has been studied as an indirect method for the preparation 
of quinone and hydroqulnone. 

The details of the reaction were as follows: £2 grams of the 
crude ealt were dieeolved in 800 cc of a 30fo solution of sulphuric 



acid. This solution was cooled to 5 and while it was stirred, 80 
grams of sodium ftlchroraate were added in tho course of an hour. The 
mixture was then packed in ice and allowed to stand over night. The 

£1. Ber. 30, ?569. 
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next morning It vteb extracted with two 250 oe portions of ether. 
The ether extract was distilled to remove the ether and the residue 
suhllmed In a current of steam. In this way It was possible to 
obtain a very pure sample of quln©ne hut the yield was poor, since 
less than a gram was obtained. Uc more work was done on that sub- 
ject, but it seems certain that under proper conditions and with 
a proper oxidizing agent, i fairly good yield of quinone should be 
obtained. 

It might be added here that the direct hydrolysis of the p. di- 
chlorbenzene by means of dilute sodium hydroxide solution was tried. 
This experiment was run at a temperature of about 300^. All the dl- 
ohlorbenzene was decomposed, and the reaction mixtulre had a decided- 
ly disagreeable odor that resembled that of para cresol* Ho qulnol 
could be Isolated. 

Another experiment was carried out using a mixture of eOdium 
hydroxide and ammonium hydroxide plus cuprous chloride. The temper- 
ature was maintained a little abovs 200^ . Uo reaction whatever took 
place showing that the alkali stops tha catalytic action of the 
copper salt« 
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The conyerBlon of chlortenzene Into anlllne# 

The preparation of aniline from chlorb^ngene 1b of greater 
Solent if lo interest than it is of praotical importance. Outside 
of the patent already mentioned in the introduction no mention of 
this reaction oan he found in the literature* 

The object of this work was to find; firtkt, whether aniline 

was actually produced; secondly, what condition were necceseary and 
what yields were obtainahle ;and thirdly^ i^e the r condensation such 
as the formation of diphenylamine took place. 

v.- The experiments on chlorbenzene like those of p.dichlorhanzene 
were carrier! out in the steel bomb at a tempera tuare around 200^. 

. The- procedure was simple. The contents of the bomb were acidified 
and steam distilled whereupon the TkndecompoBad chlorbenzane dis- 
tilled off. As soon as the distillate was clear, the c'istlllatlon 
was stopped, and the mixture allowed to cool. Then it was rendered 
alkaline with sodium hydroxide and again steam distilled. The 
aniline came oyer as a llg'ht brown oil, but slight traces of another 
compound also distilled over which gave to the distillate a hlne 
color. The aniline was extracted with ether and dried over solid 
sodium hydroxide, '^'he product was fairly pure aniline for almost 
all of it distilled at 183^. The liquid remaining in the flask 
was extracted with ether, but the extract Jrlelded nothing, thtis 
showing the absence of diphenylamine, for this compound is non- 
volatile in staam but soluble in ether. In the experiments as 
they are listed in Table C one can Bee that an appreciable amount of 
chlorbenaene in unaccounted for. Part of the loss may have been 
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due to failure in not recovering all the aniline and chlortenzene, 
but other compotliidB may have been found which were not isolated* 



Tatle C. 








5 


P lnie__o f 1 


leating-.lS ] 


Amroonla lieed 
Uo. cc Strength 


Temp. 


Undeoomp. 
CgHgCl 


Yield of 
aniline 


Catalyst 
used. 


1 150 


£5fe 


195° 


9 


16g. 


39^ 


CuSO^ 


£ 150 


27 


230 





16 


39 


CuCl 


3 150 


27 


200 


X 


13 


32 


CuOl 


4 150 


14 


200 


X 


14 


34 


CuCl 


5 125 


27 


210 


1£ 


13 


32 


CuCl 


6 150 


£7 


210 


40 








Cul 


7 150 


14 


210 


30 








Cul 



i^ :P0 fframe of chlorhenzene were employed in every experiment • 
X. The chlorhenzene was not determined in these two experiments* 

i'rom the results as tabulated in the above table one can see that 
the yield is lowe Experiment 1 followed the directions as given in 
the patent in all JArticulars^except that the time of heating was 
18 hours instead of 20 • The patent , however, oloims an dOfo yield, 
wheiias in this experiment it was found that not even half that yield 
was obtained. 

The concentration of ammonia between 14 and 27% seems to have 
no marked effect* The effect of temperature is greater* In order to 
bring about a complete decomposition of chlorbanzene » a temperature 
higher than 200^ must be emrloyecl, but even then the yield is not 
increased. 

One striking fact is brought out in EEpdriments l-o 6 and 7 in 
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ifelch ouprouB iodide is employed as the datalyet. Eo reaction took 
place showing that it does not poseesB catalytic properties either 
in concentrated of dilute solutions of ammonia. 

As has already been mentioned » no diphenylamine could te iso- 
lated in these experiments. Since a certain patent previously dis- 
cussed claims that bromhenBene and aniline react in the presence 
of cuprous iodide to form diphenylamine^ it was considered advisable 
to try it out. The directions were followed, but chlorbenzene was 
used in place of brombenzBne since the latter was not available. A 
mixture of 30 parts of aniline, an excess of chlorbenzene, and one 
part of cuprous iodide were heated for 1? hours ( the patent calls 
for 15) with a reflux condenser. Tl-e product «as bluish in color, 
hut little reaction se-^ms to have taken place md no diphenylamine 
could be detected. 

The next step was to iieat a similar mixture under pressure in 
the steel bomb. This mixture was heated for 18 hours at r?0 . Again 
the ml-^ture was blue. It was steam distilled, anfl Dractlcally all 
the aniline and chiorbenzene distilled over imdicating that little 
reaction had taken place. The solution was then allowed to cool 
and was finally extracted with ether. Again no dlr.henylamlne was 
found . 
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Summary • 

A presetire iDomt) suitable for heating org'dnlo reagents under 
considerable pressure has been deBcrlbed* 

A number of Inorganic salts Including various salts of cofper 
have b-^en investigated for their effect on labllizlng chlorine 
in p» dlchlorbenzene. 

?• phenyl enedlamine has been prepared bj' the action of ammonia 
on p.dlchlorbenzene in the presence i&f cuprous salts* The methods:, 
used for isolating the free base as veil as the hydrochloride have 
been described. 

Quinone hat. been prepared by the oxidation of p"#phen;;lenodiamine. 

Aniline has been obtained by the action of ammonia on chlorben- 
zene in the presence of a copper salt# 

An attempt to condense chlorbenzene and aniline in tlie presence 
of cuprtiuB iodide has failed. 

Conolusion. 

Copper salts have a dletinct labllizlng action on nuclear 
halofen. The cuprous salts are more effective, than tho cuprlc in 
th.le respect. The presence of stron^r reducing? agent§ , oxidizing • 
agents, and alfeilles ger.erally retard or entirely stop the reaction. 

P.phenj'lenediamlne can readily be prepaied by heating p.dl- 
ohlorbenzene 7/1 th ^r. excess of either djlr.te oi concentrated ammonia 
water at about 200^ for 20 hcurs. Dilute solutions at high temper- 
atT^ires cause the formation of a red precipitate, but this does not 
m-aterially affect the yield. The base can be precipitatad as the hy- 
droolilorlde from the .reaction mixture. in fairly pure state and with 
g-ood yields by saturating the solution with gaseous hydrochloric acid 
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P.phenylene diamine can be oxidized to qulnone. tut further 
Btudy on conditions and oxidizing agents ie neoeseary in order to 
secure maximum yields • 

Aniline is formed fiom ohlorbenzene under conditions similar 
to those necessary for the preparation of p#phenylenediamine from 
p.dichloibenzene , hut the reaction is less complete and the yields 
are po rer» Since the conversion of the p.dichlorhenzene into its 
respective amino comiJound thru ammonia takes place much more read- 
ily than the conversion of the mono chlor derivative, the second 
chlorine atom Beems to lahilize the first one; and when the latter 
ie replaced by an amino group, the remaining halogen atom is mark- 
edly labilized since no p.ohioraniline can be found ae an end rro- 
Auct. 

The prepari^ation of p.phenylenediamine and aniline from 
their respective chlor-substituted benzene derivatives are not re- 
corded in chemical literature except in the patents previously 
mentioned. It has been demonstrated in this work that both these 
reactions take place and give fairly high yields especially in the 
case of p.phenjlenediamine# 
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